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CLAIMS 

#^>V An exposure apparatus which illuminates a pattern of 
a fiirst object with ultraviolet light from a laser device and 
exp\es a second object with the ultraviolet light which has 
passe\through the pattern of the first object, characterized 

in that 

the Vaser device includes 

a lase\light generation section which generates single 
wavelength laser light in a wavelength range of from an 
infrared regionVto a visible region; 

an opticaAamplification section including plural 
stages of optical fiber amplifiers which serially amplify the 
laser light generatedNby the laser light generation section, 
and a narrow band f ilte\and an isolator disposed between the 
plural stages of the optical fiber amplifiers; and 

a wavelength conversion section which performs 
wavelength conversion of th\ laser light amplified by the 
optical amplification section\nto ultraviolet light by using 
a nonlinear optical crystal. 

2. An exposure apparatus as \ recited in claim 1, 

characterized in that 

the laser device includes \an excitation- light 
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nerating light source which generating excitation light 
which is to be used at at least one of the plural stages of 
thXoptical fiber amplifiers, and the optical amplifier is 
forrX such that a reflection film which reflects the 
excitXion light is formed at one end of the optical fiber 
coupled \o the narrow band filter. 

3. An exposure apparatus as recited in claim 1. 

characterized in that 

the narrW band filter and the isolator reduce noise 
of a wavelengthX corresponding to a phonon sideband. 



4. An exposuA apparatus as recited in claim 1. 

characterized in tliat 

at least three^tages of the optical fiber amplifiers 

band filter and the isolator are 



are provided, and the nWrow 
respectively provided between the 
amplifiers . 



individual optical fiber 



5 . An exposure apparatus as recited in claim 1, 
characterized in that 

a gate device, which performs timewise removal of ASE 
(amplified spontaneous emission). is further provided 
between the plural stages of the\optical fiber amplifiers. 
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An exposure apparatus which illuminates a pattern of 
a\irst object with ultraviolet light from a laser device and 
, ses a second object with the ultraviolet light which has 
pass\d through the pattern of the first object, characterized 

in that 

tftie laser device includes: 

a laser light generation section which generates single 
wavelength laser light in a wavelength range of from an 
infrared region to a visible region; 

an optical amplification section including plural 
stages of amplifying optical fibers which serially amplify 
the laser ligkt generated by the laser light generation 
section, an exc\tation-light generating light source which 
generates excitation light for at least one stage of the 
amplifying optical fiber of the plural stages of the 
amplifying optical friers . a narrow band filter or an isolator 
disposed between the pWal stages of the amplifying optical 
fibers, and a bypass member which passes the excitation light 
in parallel to the narrowband filter or the isolator; and 
a wavelength conversion section which performs 
wavelength conversion of the laser light amplified by the 
optical amplification section \nto ultraviolet light by using 
a nonlinear optical crystal. 



An 



exposure apparatus whichX illuminates a pattern of 
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first object with ultraviolet light from a laser device and 
eLses a second object with the ultraviolet light which has 
paskd through the pattern of the first object, characterized 

in thd\t 

the laser device includes: 
a laNser light generation section which generates single 
wavelengthVaser light in a wavelength range of from an 
infrared region to a visible region; 

an optical amplification section including plural 
stages of optica\f iber amplifiers which serially amplify the 
laser light generated by the laser light generation section, 
a plurality of exc\tation-light generating light sources 
which individually generate excitation lights for each of the 
plural stages of the optical fiber amplifiers, and a narrow 
band filter disposed between the plural stages of the optical 
fiber amplifiers. whereiA reflection film which reflects 
the excitation light is f orme\at one end of each of the optical 
fibers coupled to both sides oV the narrow band filter; and 
a wavelength conversion^ section which performs 
wavelength conversion of the laser light amplified by the 
optical amplification section into ultraviolet light by using 
a nonlinear optical crystal 



8 . 



An exposure apparatus which illuniinates a pattern of 
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first object with ultraviolet light from a laser device and 
exposes a second object with the ultraviolet light which has 
passed through the pattern of the first object, characterized 

in that 

the laser device includes: 

a laser light generation section which generates single 
wavelengthVaser light in a wavelength range of from an 
infrared region to a visible region; 

an optical modulation section which modulates the laser 
light generatedV>y the laser light generation section with 

a predetermined repetition frequency into pulsed light having 

\ 

a predetermined width; 

an optical amplification section including an optical 
fiber amplifier which, amplifies the laser light which has 
passed through the optical modulation section; and 

a wavelength conversion section which performs 
wavelength conversion of Vhe laser light amplified by the 
optical amplification section into ultraviolet light by using 
a nonlinear optical crystal! wherein 

the width of the pulsed Vight modulated by the optical 

modulation section is set widfer than a pulsewidth set for 

\ 

obtaining a predetermined wavelength width with finally 
generated ultraviolet light. 



88 



10071 




090M-0i 



9*. An exposure apparatus as recited in claim 8, 
characterized in that the width of the pulsed light modulated 
by \he optical modulation section is 2 to 5 ns. 

10. An exposure apparatus which illuminates a pattern of 
a first object with ultraviolet light from a laser device and 
exposes aWond object with the ultraviolet light which has 
passed through the pattern of the first object, characterized 

in that \ 

the laser device includes: 

a laser Aght generation section which generates single 
wavelength laseV light in a wavelength range of from an 
infrared region tto a visible region; 

an optical amplification section including an optical 
fiber amplifier which amplifies the laser light generated by 
the laser light generation section, a transmitting optical 
fiber which propagateNs the laser light amplified by the 
optical fiber amplif ier\ and a narrow band filter disposed 
between the optical fibeNr amplifier and the transmitting 

optical fiber; and \ 

a wavelength conversion section which performs 
wavelength conversion of the\ laser light amplified by the 
optical amplification section Into ultraviolet light by using 
a nonlinear optical crystal. \ 



89 



A O O T-Jftfi. S 2 . O 9 01 «+0 S! 



[1. An exposure apparatus as recited in claim 10, 
characterized in that the narrow band filter is concurrently 
us\d as a wavelength division multiplexing device for 
multiplexing which feeds excitation light to the optical fiber 
amplifier . 

12. \n exposure apparatus as recited in any one of claims 
1, 6, 7\, 10 and 11. characterized in that 

th\ laser device includes an optical modulation section 
which modulates the laser light generated by the laser light 
generatiok section into pulsed light and which sets the width 
of the pulsed light to be wider than a pulsewidth set for 
obtaining \ predetermined wavelength width with the 
ultraviolet Vight . 

13. An exposure apparatus as recited in claim 12. 

characterized i>n that 

the laser Ndevice includes an optical splitter which 
splits the laser light generated by the laser light generation 
section into a plurality of laser light beams, the optical 
amplification section is independently provided for each of 
the plural split lasW light beams, and 

the laser device further includes a regulator which 
regulates an amplif icalion gain of the optical amplification 
sections so that outputs\of the plurality of split laser light 
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are substantially unif ormalized . 



lA An exposure apparatus as recited in any one of claims 
1 to\l, characterized in that the optical fiber amplification 
section is an erbium-doped fiber amplifier and uses laser 
light \aving a wavelength of (980±10) nm as the excitation 
light for the amplifier. 

15. An ekposure apparatus as recited in any one of claims 
1 to 8, 10 knd 11. characterized by using a multilayer film 
filter or a Wber Bragg grating for the narrow band filter. 

16. An exposure apparatus as recited in any one of claims 
1 to 11, characterized in that the laser light generation 
section included a single wavelength oscillatory laser which 
generates single\avelength laser light in a wavelength range 
of from an infraAed region to a visible region, and an 
oscillation-wavelength control means which controls an 
oscillation wavelength of the generated laser light to be a 
predetermined wavelength. 

17. An exposure apparatus as recited in any one of claims 
1 to 11. characterized i\n that 

the laser device further includes an optical splitter 
which splits the laser liVht generated by the laser light 
generation section into a plurality of laser light beams. 

the optical amplification section is independently 



rovided for each of the plural split laser light beams, and 
the wavelength conversion section performs collective 
wavelength conversion of a bundle of the laser light beams 
outpu\ f rom the plural optical amplification sections. 

18. AnXexposure apparatus as recited in claim 17, 
characterised by further comprising a regulator which 
regulates an\amplif ication gain of the optical amplification 
sections so that outputs of the plurality of split laser light 
beams are substantially unif ormalized . 

19. An exposure^ apparatus as recited in claim 17, 
characterized in th^t the regulator changes the output of the 
excitation light usedVfor the optical fiber amplifier in the 
optical amplification ^section . 

20. An exposure apparatus which illuminates a pattern of 
a first object with ultraviolet light from a laser device and 
exposes a second object withNthe ultraviolet light which has 
passed through the first objefct, characterized in that 

the laser device includes^ 

a laser generation section which generates single 
wavelength laser light in a wavelength range of from an 
infrared region to a visible region, a\ optical splitter which 
splits the laser light into a pluralityW laser light beams, 
a plurality of optical fiber amplifiers^ which respectively 
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afcd independently amplify the plurality of split laser light 
be\ms, a wavelength conversion section which performs 
wavelength conversion of the amplified laser light beams, and 
Vthe laser device includes a regulator which regulates 
an amplification gain at at least one of the plurality of the 
optical fo-ber amplifiers so that outputs of the plurality of 
split laseY light beams are substantially unif ormalized . 

21. An exposure apparatus as recited in claim 20, 
characterized \ in that the regulator controls an 
excitation-ligh\ generating light source which generates 
excitation light \used in the at least one optical fiber 
amplifier 



22. An exposure apparatus as recited in any one of claims 
1 to 11, 20 and 21, characterized in that 

the laser light generation section generates single 
wavelength laser light ha\ing a wavelength of near 1.5 um, 
and 

the wavelength conversion section converts a 
fundamental wave output fro>p the optical amplification 
section having a wavelength of\near 1 . 5 um into ultraviolet 
light of an eighth-order harmdnic wave or a tenth-order 
harmonic wave and outputs the converted light. 



23. An exposure apparatus as rec 



jNted in any one of claims 
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to 11. 20 and 21, characterized in that 

the laser light generation section generates a single 
waVelength laser light having a wavelength of near 1.1 pm, 
and\ 

the wavelength conversion section converts a 
fundamental wave output from the optical amplification 
sectiln having a wavelength of near 1.1 P into ultraviolet 
light fof a seventh-order harmonic wave thereof and outputs 
the converted light . 

24. An Exposure apparatus as recited in any one of claims 
1 to 11. 20 and 21. characterized by comprising: 

an ilVumination system which radiates ultraviolet light 
from the lateer device onto a mask as the first object: and 

a projection optical system which projects an image of 
a pattern of the mask onto a substrate as the second object. 

25. An exposure method using an exposure apparatus as 
recited in any o\e of claims 1 to 11. 20 and 21. characterized 
in that 

the ultraviblet light output from the laser device is 
used to perform alignment between the first object and the 
second object. 



26. A method of manufacturing an exposure apparatus which 
illuminates a pattern oV a first object with ultraviolet light 
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Arom a laser device and that expose a second object with the 
ultraviolet light which has passed through the pattern of the 
firtet object, characterized in that 

\ the laser device is configured by disposing, with a 
predetermined relationship, 

aVaser light generation section which generates single 
wavelength laser light in a wavelength range of from an 
infrared Aegion to a visible region, 

an optical amplification section including plural 
stages of optical fiber amplifiers which serially amplify the 
laser light generated by the laser light generation section, 
and a narrow ba^d filter and an isolator disposed between the 
plural stages of\the optical fiber amplifiers, and 

a wavelength conversion section which performs 
wavelength conversion of the laser light amplified by the 
optical amplification section into ultraviolet light by using 
a nonlinear optical cWstal. 

27. A method of manufacturing an exposure apparatus which 
illuminates a pattern of a Wst object with ultraviolet light 
from a laser device and which exposes a second object with 
the ultraviolet light which Vas passed through the pattern 
of the first object, characterized in that 

the laser device is configured by disposing, with a 
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predetermined relationship. 

a laser light generation section which generates single 
wa\elength laser light in a wavelength range of from an 
-ared region to a visible region; 

an optical amplification section including plural 
sta ge\ of amplifying optical fibers which serially amplify 
the laW light generated by the laser light generation 
sectioiA an excitation- light generating light source which 
generated excitation light for at least one stage of the 
amplifying optical fiber of the plural stages of the 
amplif ying\optical fibers , a narrow band filter or an isolator 
disposed between the plural stages of the amplifying optical 
fibers, and A bypass member which passes the excitation light 
in parallel t\> the narrow band filter or the isolator; and 
a wavelength conversion section which performs 
wavelength conversion of the laser light amplified by the 
optical amplification section into ultraviolet light by using 
a nonlinear optitaal crystal. 



28. A device manufacturing method which includes a step of 
transferring a masV pattern onto a substrate by using the 
exposure apparatus as recited in any one of claims 1 to 11. 
2 0 and— 24. 



96 



